THE investigation of carcinogenic substances which have been obtained from human tissues (Kleinenberg, Neufach and Shabad, 1940) and from other biological sources has been the subject of earlier publications from this Institute (Hieger, 1940 (Hieger, , 1941 (Hieger, , 1946 (Hieger, , 1947 , reporting that:
1. A carcinogen is present in extracts from human subjects who have died of cancer or of other causes.
2. The carcinogen is found in the unsaponifiable part of a number of tissues, such as liver, lung, kidney and muscle.
3. It is found in the cholesterol-rich part of the unsaponifiable fraction, which contains c. 85 per cent of the digitonin precipitable sterol and is referred to below as "Fraction A" or "Stage A," or "-10°fraction," since it crystallizes out at -10°when the unsaponifiable fraction of the tissue (doubly saponified) is crystallized from methyl alcohol. 4 . Commercial cholesterol containing [95] [96] [97] [98] per cent of the pure sterol is carcinogenic, and its potency is of the same order as that of the active fractions from human tissues. With very few exceptions the carcinogen in biological material is slow acting (Table V) , by comparison with synthetic carcinogens. Hence the tests on animals are lengthy.
Since some of the experiments described here were in progress when the papers referred to above were published and others have not before been described in detail, a certain amount of repetition is unavoidable.
1. Technique used in these experiments for testing for carcinogenic activity.
Unless otherwise stated, the substance is injected subeutem. (15 per cent solution in lard) into mice of C57 strain or of mixed commercial stock. The injection of 01-01-4 ml. is repeated fortnightly until a reservoir remains under the skin; injections are suspended as long as a nodule can be detected by touch. All tumours referred to are spindle-cell sarcomas arising at the site of injection ( Fig. 1-8 ). Precautions were taken to prevent contamination by carcinogens from outside (Hieger, 1946). 2. Control experiment on reagents used in the saponification of tissue by potassium hydroxide and alcohol. Since the great majority of the carcinogenic fractions had undergone saponification at least once, control experiments on the process itself acting on noncarcinogenic tissue components were made. The saponification conditions were described in detail (Hieger, 1946) ; about 1500 g. tissue is refluxed on the water bath with 400 g. KOH and 500 c.c. distilled alcohol for 2-3 hours and then extracted several times with ether. Carcinogens might be formed during saponification from precursors in the tissues or from the reagents themselves.
In the earlier experiments the alcohol was industrial spirit (the manufacturers state that it consists of ethyl and methyl alcohols in the ratio of 19:1 with 5 per cent water), which in separate experiments was found to darken rapidly on refluxing with KOH owing to resinous condensation of aldehyde. Acetaldehyde was therefore refluxed with KOH and spirit under the same conditions as those of tissue saponification. The resinous product was extracted from the saponification mixture with ether and injected into mice in the usual way. In another experiment the resinous product before injection into mice was mixed with cholesterol, which was intended to act as a carrier, in order to imitate rather more closely the products and conditions after tissue saponification (Experiments 1 and 2). All the tests on resin gave negative results. Although in the earlier experiments spirit was used for the saponification, a number of unsaponifiable fractions made from adrenals, cancer liver and noncancer liver (see note to experiment 3a for a definition of these terms) were found to be non-tumour-producing, which suggests that carcinogens or precursors are DESCRIPTION separately on 20 and 15 C57 mice respectively. In the 20th month a single tumour appeared in the "crystals" series (Table I) .
Note.-In this paper "cancer liver" indicates the liver of a human subject who has died of cancer of any part of the body. "N on-cancer liver" indicates the liver of a human subject who has died of any cause other than cancer.
(b) Fraction A from mixed cancer livers, partly the same as those used for the preparation in (a), was crystallized from 80 per cent aqueous alcohol after adsorption from petrol ether on to a large column of A1203 eluted with petrol ether-benzene-MeOH (80-20-20 Forty-five gall bladders from cancerous subjects were used; the bile was not separated, and some of the bladders were almost empty. Bladders and bile were saponified and worked up as before and the fractions tested at C, D, E, F. The experimental mice lived well; after 29 months a mouse of the F series (Flow Sheet I) developed a sarcoma at the site of injection.
(k) Liver from a lymphosarcomatous human subject gave a highly carcinogenic unsaponifiable fraction in some of the earlier experiments (Hieger, 1940) , and the tissues of humans with this type of cancer may possibly be rich sources of carcinogen Three livers from lymphosarcoma cases were saponified, fractionated into stages A, J, M, L, and injected into 6, 5, 11 and 6 mice of crossed C3H x C57 strain, which survived well, but no tumours developed. 85 per cent) fraction." Mixed human livers, some cancer, some non-cancer, were saponified and worked up to give the -10°(i.e. 85 per cent cholesterol) fraction (A) and also the mother liquors of this fraction (L). Commercial cholesterol was then added to L to give the same concentration of sterol as constituted the unsaponifiable fraction before the separation of the crystalline part A. Three series of mice were set up:
(1) injected with -10°fraction (A); Harris (1941) found that wheat germ oil gave rise to sarcoma on injection into rats and mice.
Two series of mice were set up; one was injected with sesame oil containing 10 per cent commercial cholesterol, and one with the oil alone as control. One sarcoma appeared in the first series in the 14th month in a C57 female, and one sarcoma of fibrous type in the second in the 22nd month in a stock female (Experiment 7, Table I ).
When over 300 control tests had been carried out on lard alone without the production of a single tumour, a sarcoma arose at the site of injection in a C57 mouse first injected with lard when aLready 16 months old. The latent period was 6 months, the shortest observed here in all the tests on carcinogens of biological origin.
Old mice were used in this experiment to see whether the prolonged latent period for tissue carcinogens was equivalent to the interval required for some essential preliminary change in the tissue which prepares it for carcinogenesis, and whether the natural ageing of tissue could in some degree be a substitute for the latent interval.
Earlier experiments in this Institute had shown that sarcoma may occur in rats injected with lard alone when strict precautions were taken against contamination by hydrocarbons (Burrows, Hieger and Kennaway, 1932, 1936) .
8. Fatty extract of Walker rat tunmour.
Aptekman, King and Lewis (1943) induced sarcoma in rats by injection of the fatty fraction of Walker rat tumours. Their results were confirmed here by tests where the tumours were dried by storing in distilled spirit and extracting with benzene. The crude benzene extract was evaporated, and the residue without added solvent (lard) injected subcutaneously into 10 wistar rats. A parallel group of 10 rats were injected subcutaneously with lard alone. After two years one rat in each series developed a fibro-sarcoma, which grew with difficulty on transplantation. The tumour in the lard series was more malignant than the tumour in the Walker extract series. Both tumours arose in the subcutaneous tissue at the same level as the injection site, but on the opposite side of the body. This effect has been observed several times in experiments where the injected substance is very fluid, and is probably pressed round the subcutaneous spaces by the movements of the animal 9. MisceUaneous tissue.
The ether extract of minced mammae from lactating mice .(DBA of high mammary cancer strain) proved carcinogenic, for it gave 1 sarcoma in 10 mice (Hieger, 1941 ). An ether extract of the lactating mamma of the rabbit was evaporated and the oily material injected into 20 mice, but no tumours resulted. Two sarcomas were obtained by injection of an ether extract of human cancer liver (Hieger, 1946) .
10. Carcinogenic activity of commercial cholesterol.
The carcinogenic activity of commercial cholesterol (about 95-98 per cent pure sterol) has been briefly described (Hieger, 1947 ,. tissues which were richest in cholesterol were also the most potent carcinogenically.
Up to the present 25 sarcomas have been obtained in 436 mice by commercial cholesterol or some fraction of it, in solution in lard or in other solvents (Table  I (lOd), and 10a. Effect on cholesterol of refluxing with KOH and alcohol.
The possibility that carcinogens are formed from cholesterol during saponification was tested as follows: 10 g. of commercial cholesterol (i.e. about the amount present in a human liver) was refluxed for 2j hours with 400 g. KOH, 1 1. distilled alcohol or spirit and enough water to imitate the conditions in the saponification of a liver; the mixture was extracted with ether and injected into mice as before.
A preliminary statement (Hieger, 1947) In the 14th month in group b 2 mice developed sarcomas, and pre-neoplastic changes were seen at the site of injection in 4 other mice. Thus in group b, 6 of 10 mice had either developed sarcoma or might have done so if they had lived longer. The two sarcomatous mice and two of the incipiently sarcomatous mice were from the same box of 5 mice.
One cannot say why only group b responded so readily, but (1) in a fair number of experiments the saponification of tissue has been done in spirit but the products have produced no tumours, showing that spirit is not essential for carcinogenesis by the unsaponifiable product; (2) the absorption spectra of the two final products (cholesterol saponified in spirit and in alcohol) are closely similar; and (3) while the substance was strongly carcinogenic in group b (stock mice), the same preparation was inactive in group a (C57). Consequently it must be supposed that the b group of mice were either (1) Peculiar genetically; (2) peculiar congenitally; (3) had become infected or (4) had become contaminated with carcinogen. (4) (Flow Sheet 1) . The concentration of 7/8ths of the sarcomas in one particular fraction strongly suggests that the fraction itself was responsible and not a chance contamination, for it would be highly improbable that contamination would occur only in the boxes, holding 5 mice each, containing those treated with the A fraction.
The data in Table mI are the results when a fraction was divided into 3 or more sub-fractions. The concentration of tumour production in a few fractions, particularly F, G and A, supports the conclusion in the foregoing paragraph, namely, that contamination will not explain satisfactorily the incidence of sarcomas. Contamination only in those boxes where these particular fractions were used would be very unlikely, since each box contains 5 mice initially and the experiments on these fractions were started over a period of 4 years, during which time the boxes were changed many times (Table I) (e) That carcnogens of biological origin such as lipids and particularly preparations rich in cholesterol evoke neoplasia, but only in the most susceptible members of groulps of experimental animals.
Tests of hypotheses (a) and (b) are to be described more fiully in a forthcoming paper. Highly purified cholesterol, prepared by Dr. C. W. Shoppee, using bromination, crystallization of acetate and chromatography, has been 134 CARCINOGENIC ACTLIVITY OF LIPOID SUBSTANCES injected into 25 mice; the experiment had been in progress for 22 months without result as yet. (b) is being tested by concentrating the impuritities in commercial cholesterol 3 times and in a second experiment 10 times, and injecting the products. These experiments have been in progress for 11 months without result as yet. (c) was investigated by mixing oils containing reactive double bonds (i.e. unsaturated) with commercial cholesterol to see if the activity could thereby be increased (Table I , experiment lOb).
Cod liver oil certainly increases the potency of cholesterol dissolved in lard, but since at least one sarcoma has now been obtained with cod liver oil alone (Table I, 10b , series x), it is uncertain whether the oil is a co-carcinogen or a carcinogen.
10c. Effect of simple crystallization on the carcinogenic potency of commercial cholesterol. The batch of cholesterol used in the preceding experiment was crystallized from acetone to give 3 fractions:
(1) Lea soluble.
(2) Moderately soluble. (3) Mother liquors, which is obviously different from (1) and (2) In a recent elaborate report Steiner, Warren Stanger and Bolyard (1947) give further data on sarcoma production by unsaponifiable fractions in three strains of mice, Albino, A, and C57 (Table IV, The yield of local sarcomas at the site of injection (7-3 per cent) is of the same order as that obtained in this Institute, namely 4-7 per cent (63 sarcomas in 1298 mice, of which 936 lived 12 months). These 1298 mice are all those injected with unsaponifiable material of animal origin, including commercial cholesterol.
In earlier papers, Steiner (1942 Steiner ( , 1943 gives results which, taken in conjunction with the data from his recent paper, can be expressed thus (Table IV, Thus the effect of testing a number of livers (67) separately was to reduce the sarcoma production by a factor of 9, i.e. 9 times less than the potency of 48 livers pooled, which is of the order of expectation if it be noted that Steiner (1942) found 1 in 5 of his livers (cancerous and non-cancerous) to contain the active factor, and if it be assumed that pooling the livers had the effect of distributing the agent from the active livers among the inactive ones. Furthermore, it may be noted that from Steiner's (1942) The experimental data given here and in earlier papers from this Institute, based on 69 sarcomas produced in a total of 1966 animals, present a number of difficult problems.
No completely satisfactory explanation of the following experimental findings is as yet available:
(1) Cod liver oil, lard and sesame oil produced at least 1 sarcoma each in 25, 350 and 20 mice respectively. Other work has shown that some fats can bring about sarcoma development in sensitive mice or rats.
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(2) Commercial cholesterol in lard gave sarcomas in about 5 per cent of 213 mice (Table II) .
(3) The mixture formed when cholesterol is refluxed with KOH and distilled spirit gave no tumnours when injected into 10 C57 mice, but in 10 stock mice there arose 2 sarcomas, and in 4 other mice of the same series changes were detected, post-mortem, suggestive of pre-neoplasia, at the site of injection. A similar preparation where cholesterol was refluxed with KOH and alcohol gave no tumours when injected into 10 stock and into 10 C57 mice.
(4) Fractionation of an active fraction from tissues by simple crystallization does not always lead to any concentration of the active factor.
(5) Although several experiments showed that the addition of cod liver oil to commercial cholesterol increased its potency, yet in another experiment the crystallization of the commercial sterol from acetone, which removed some waxy constituents, also increased the potency. The writer has attempted to reconcile these apparently contradictory findings by putting forward the following suggestions: Firstly, that the operation of little understood factors covered by the expression "individual variations of susceptibility of the experimental animals " is very important in determining the carcinogenic potency of the lipids, and secondly, that lipids and particularly sterols or closely associated compounds are slow-acting carcinogens. It is clear that large series of mice are required in this type of experiment where the agent is of low potency, and where, therefore, the presence or absence of especially sensitive individuals may well be the principal factor in the assessment of the potency of a test preparation, since in small series of mice the sensitive members may die first, leaving those which are comparatively insensitive.
The possibility is not quite excluded that lipids are often contaminated by traces of benzpyrene from air-borne soot.
Thirdly, the existence of about 300 synthetic carcinogens (hydrocarbons, azo compounds, stilbenes, etc.) suggests that carcinogenic potentiality is probably more widely distributed among chemical compounds than was at first anticipated, and thus there is no good reason for excluding compounds of the lipid group. Fourthly, some of the experiments described here suggest that the carcinogenicity of lipid substances may either be enhanced or be inhibited by other lipids.
Fifthly, should the thesis proposed here, namely, that lipids are slow-acting carcinogens, be conclusively proved, then, "spontaneous" cancer or at least some forms of the disease could be considered as "caused" by body lipids existing locally in some peculiar chemical or spatial or temporal conditions.
The production of sarcoma by commercial cholesterol obviously casts some doubt on the conclusions which have been drawn from all previous experimental work where cholesterol was involved, and where almost all investigations have taken for granted that cholesterol is non-carcinogenic. The weakly carcinogenic potency of a number of other lipid substances and the unexplained variations of sensitivity of the animals used for testing underline the need for much further study in this field. The experiments described here suggest the question, Why has it required 20 years, that is, since the discovery of the carcinogenic hydrocarbons in 1929, to show that commercial cholesterol is carcinogenic ? The answer is obvious; investigators in chemical carcinogenesis have become accus-
